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The effect of thymidine kinase transduction and 

been demonstrated in animal moLs. T^e ob .h^^n ^ '"'i"™"'' ""^ gancidovir, has receS^ 

pJeteJy eliminated despite only partial iSisdSn? £ , """""^ ^ "'"^ ^"'1 ""imals «,„ be com- 

nomnmsd^ced tumor «lb. Such a bySer eSll tV^°\'';f " ''^^"'"'^^^ 'hauS 
bma,«,„ of several factors lead to .umo Scanon F^H ""n"'"'™^ ^"^ -"^^ •^P^^^'^-'t a com- 

s own occasioaaily in.egrate the -trovKlr Sa^^^^^^ °l "'^ ^'^^ vessels were 

of vect«^-p,odncer cells, which continuously release infe^H™^! T ^""^T'"^ '° ganciclovir. In the presence 
occurred during ganciclovir administration V^^e^ th m^™''' ^''"'1"'' "'"'•'^^'^^J hemorrhage. 

w.th the thymidine kinase gene before inoculation nn IZZ °' "'"^ '^at had been transduced 

00 transduction of endo.heiial cells oc,^^rd „d " l^^^ P^^'!^'« ^^<"« Present wuhin the Cor 

J*,««°^?':f^ationssuggest,hatturnorre8Son ly ^^^^^^ 7",' "^'"^"^ ''"""8 therTp;: 

endothelial cells after exposure to ganciclovir rTs^jlL int. tn? ^' '° ^"'^^'^^ of « «v« HS Vtk-transducex! 

The authors investigated this hV^esi Vsi^g hf 
rats The himora were evaluated with Doppler coIorVow anrf gl'osarcoma tumor model in Fischer 

JSLT^L^^''^ intratuSrSSionroTHsirT '""T^ ''"""^ the various phases 

celWml) 21 days after bilateral flank tumor inoa^Mdon Ten L.c k"""'^' ^«««^-producer cells (6 X 10' 
ganccloytr (15 mgAg/ml twice a day) for 4 dl^^ s°ar,£ '^^^'%'^^^<i^^'>iiy treated with intraperitoneal 
«t recenrcd iatniperitoncal saline injictiotL (1 S t ce ! davuLlS'?™'""/ ^^J'^*^^'""! '0 
mages were obtained before cell injection before and d,.r,n„ ? gancclovir. Ultrasound and flow 
c«sation of tr«a.meat. n,e number, bcatio; and ultrason^^^^ ^^i'"" Bdministration, and after 

volumes were recorded. "'trasonographic appearance of tumor vessels and the tumor 

Tn S\*"^°r «l«=creascd after initial ol aaSfvllT' ^"''^u"' '"t^^^oral vasculature, 

(p < 0.05). Eariy patchy or diffuse necrmc^anae^ Z^^?]^''"^*^'^^ ^'^ HSVtk-transduced tumors 

-K^Y Words • eene theranv u t 

tumor vasculatu,,'. by^i effm .^1"''" ' ' ganciclovir . 



THE ability to eradicate malignant brain tumors bv 
selmive retrovit;aily mediated tnmsfer of the 
herpes simplex vims thymidine kinase (tSvZt 
gene to tumor cells cotnbincd With ^Slovir Sp«n ^ 
eKnd""^ been demot^tnited to Sf if 
els and .s now bemg evaJaated in a cliniod tr Lf* T„ 
an-mals, complete tumor ..gr^ssion was Saci^^^^^^ 
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«TlS Sl^"''' '^^"«'"'=«ion of the tumor 

^ySand^r^^ Phenomenon is believed to result from a 
oysianaer efifect assoaated with the HSVtk/onn 

7tS<£iffe^!7- mechanism of such a bj- 

sianaer effect is poorly understood. ^ 

One component of this in vivo bystander effect may 
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be related to the observation that endothelial cells are 

rer, Endothchal ceJb of lumor blood wssels mav 
megratc the retroviral vector and thus become sens? 
tized to ganciclow/-" The proliferation of tumorvas- 
cu at«re and nearby host microvesseis InductTby the 
.I^H-f "f ™»j>£^™'= faao«^ favo« infection of enS 

pre^wn. Diffiise hemorrfiages occurred during ganciclo 

n^«^ Ti"- '".^'^ tumor regression may be d?e 
•n part, o ischemia secondary to gancidovir-induc/ri 

the retmviral vector and thus received the HSVtk ^ne 

Tn l,,^^ ? f '"^ ^^'^ ^"'"or blood ves- 
sels in subcutaneously inoculated 9L giiosarcoma tu- 

HSytk-producer cells and ganciclovir administration 
Tumor growth and vasculature were evaluated Sh 
r^rS^eS "^''f?"".^ '■'"^e-g, which perStsT 
real-time display of high-resolution gray scale imaees 
of tissue simultaneously with a display of flow d!ta 
from vessels within the scanned plane^'^ 

Materials and Methods 

Vcaorx and Cell Cultures 
The HSVik (GITkSvNa.53)gcn. vector' hi« a Cl buclcbone 

stream of the 5' long terminal repeal, which it uses as its nrn 
motcf. The simian viru5-40 early promoter serve^as U imr^" 

^h,ch confers resistance to the neomycin analog G418 vec-' 

S of x Z^:: "^^"5X3 cells, and has 

The cc?l l!^ colony.forming units/ml on NIH3-n cells 
si/L-liy «P"='"'°n-Wn,pe>en, virus by 

IxccSVi'^^rfT'HT?™'^"'*' "^*' "^"'ained in Dul- 

2^M I ^S'' ' fet"! bovine serum 

ml), and Funguone {amphotericin B, 2.5 /*g/tnl), TTie vectof 
p oduccr cells we« grown in T-175 flasks IHie 2ll were "aJ- 

S7'rT^Si?^'°'"'"^^ ^''^ 5 to 10 minutes Z 

mS^l u T!"^ ^"""'"'^ ^l^<^ salt solution 

The G 1 TkSvNa.53 vector was transferred in vOro into the rat 

lur!7"'T" " "^'"8 ^"P*™""' fr^"- a confluem cut 

sciertcd in C418 medium (1.0 m^/mJ) for 7 days and subse- 
quently used for brain (uraor indiKtion. 



7J.«r>r Moc«to^c,«, Cd/ /«;^rrro«. and GanMr Therapy 
The atudy was performed in accortiance with (he National 



Mary^S."'^'"' '''^'^ ''^ Gen«ic Therapy, inc. GaithenO,.^. 
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vector-producer cells into (he rafs right ftontal lobe Tire 

Sitlt "SVik gene and se- 

Nanerl ,n 04 18 medium/ Seven days after tumor inoculation 
ganc|dov,r was administered intrape,i.onea.ly to ^ris 

sacrificed and th. tumors w.r. removed far histological exam- 

■Jf^^ZT ^'^^''^ 344 rais, each wcifih- 

ZSe m 'T{ T r intra eriton^t- 
lamine (vo mg^kg) and xylazine (10 mg/kBi The raiv' n„ni.. 
were shaved and coated with betadine. a^d 1 0 X l(?9L "1 

.n 100 Ml of HBSSwer* injected subcutaneously inro thffla S 
^0 mduce b,la.eral tumor growth, for a toul of'40 S. mors On 
Day 21 after woculation, all tumors were injected with 10 ]n 

3 76 x' r """'^ "S^i vectoT-produ 

cells (6 X 10' ceils/ml) using a No. 30 needle Each iniortinn 

wasgivenoverlminute.Thei„/ectionswer equaHyJi^t^^^^ 

over he croumferenoc of the subcutaneous tumor After 7 da vs 

K°'''^''.™«^'^8)w«administeredintr.pertanSyf.'^0 

for U ? 20 tn=ated tum'ot.) 

for 14 days. Ten rats served as controls and received sali™. in 

jections (I ml) iastead of ganciclovir for 14 d.ys 



Doppler UUrasoimd Studies 

,usf^L*^''"n^'"'"' ^^<>^^ "Jlrasound evaluation 
m>i!^^ ' 21 after inocula.ion), just beS 

nitialion of ganciclovir therapy (Day 28 after Idoc. irianrH 

■ng ganciclovir administratioSVaTat S^^^^^^^^^ 

^2 after 

'"^'^P'"*^ 'he guilelines for animal care. ,he tumor 
burten m he control animals required termination 0 the studv 
rfter ganaclovir administration was completed. ' 

A j^nr r^. n P'*™"^** «" studies and assessed the data 
i^^^^il ^ "'^'"""^ ^"Sert was used .0 visuaS 
all tumors. A 7.5-MHz phased linear airay transducer with a^dai 

f "Itrasomd pammeteis were as follows; the Ihrwh 

Z ^stuiiil" r between 14 and 18 
HZ, all studies weie perfotmed with the high-flow setting- and 
Je ga» was set to provide optimum imagf quality Sa„" 
ducer was applied to the skin directly overThe lumofto v^utlhe 
. m^ transverse and longitudinal p'lanes. At X J™„S= 
the unage ^ assessed for tumor vascularity (visible in cobrt 
gmy acale echogenicity, and the presence o!" Lence of fluW 
Blood vessels were enumerated by scanning the tumor on lhe 
transveRe and horizontal planes at5-m„, i„L^ ^^^2 
number of v^ls from either plane was r«orded. 2 iSS 
in echogenicity was considered evidence for hemorrSHr 
ear y necrosis, and stationary fluid (no Doppler ultrasSig 
nal) appeanng m the tumorwas considered evidence of r!!Sosi 
From the transverse and longitudinal scans, (he three dimensions 



(Wn1^ M^^fP^" '""8cr, Model 1, manufaciured by 

Quanhim Medical Systems, Issaquah. Washington. ^ 
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of the tumor» its Ihickncss m width fW^ and l^no^h /t \ • 

^^"^""^^ fori 

proidte ell^ftoid: voJume (cu cm) = (T X W X L> X 0.52 
Statistical Analysis 
The paired t-tcst was used to compare values obtained f,«m 

lets '''7^' "^^ '° ^'"P'''^ "etJe „ 

.uiBM wiinin tfte tumors at vanous time points. 

Results 

Brain Tumors 

Diffuse hemorrhages and necrosis were detecteH ;„ 
rats inoculated with a tnixture of wild-Type hs 
o^td-SV^^"""' Necrotic blood vesS were 

HSvi ?L ^ u""' Pretransduced with the 
Jek2».i^ "? hetnorrhages or abnonnaj blood vcs 
smaSfr'''.'^ f ^°"eh tumors wer^ signScamly 
smaller than contrals, as previously described' (Fig 1 

Blood Suppty in Subcutaneous Tumors 

1.2to 0 8 ^ i^^^ii n i?' a^™nistnition (3.5 ± 
nificJrif ^ ""^ '"^c same period, a sia- 
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5«6c«ra/reo«. T^wor C/x.rt'rt and Consistency 

At the termination of the experimem fdue to tumnr 
burden .n the control rats), there was no s ^03^7/ 

-orgL glioma) tcJ.ToLcoS^^^ 

Evtdencc of tumor necrosis appeared carS'n The 

i^^ Sr'-'?"^*'" ''^^'^ control anLaJs 7 
days after iniHaHon of ganciclovir theraov SflTlff 

ganciclovir-treated tumSut J^5v 2S% nf f 

.n 25% of 0, Day 7 of 6a„cicllvir,h "^S^^S 



Treat/nan I 
Non-traatniwn 




TUMOfl INOCULATION GCV 

trasouBd examination K the va*ri^ 

(means ± standard deviSiMsW cl^ phases of the study 
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TK-Producer 
Injection 



Week 4 



ihiirtn 1 '"""""'l"" °f ganciclovir therapy 

While no hyperechoic signals were detected at ^ithl'r 

Figure 4 illustrates the typical ultrasonograph c afoS?' 
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Discussion 

rJl!^ ^^"^''amsms underlying complete tumor eradi 

of tumor cells incorporate the HSVtk LZ Ll ^ 
tlon ofTP'''^ mechanism ofinter^' 

kinase-dependent phosphorylation of gandcSvS Thf 

n L Re,S r independent mecha- 

nisms. Release of a phosphorylated form of eanciclo 

by-prodHcts via mterceJlular channels (gap junctS 

HS^tTlSLtnS^^^^^ 

resents another potential bystander SSm S?; 

may augment tumor eradication in vivo. Ttim^lT- 

K Ji? • proliferation of local blood ves- 
selsr^ allowing retroviral integration and gene^sfer 

a feists thaf ^'.H^f^ -gio^ 
lu a greater extent than would be expected in the reh- 

t.vely quiescent nontumor blood vessels.*" DiSsc 

hemorrhages appeared in HSVtk-transduid bSS 

mars in rats during the course of ganciclovir SeraSl 

tfte tumor had been transduced in viiro. This is due to 
the presence of viral vector particles capable of tr^ 
duang endothelial cells onlf when ve'ctoT-p^dS 

tioS ThrT '"'"^^ transduc- 

tion). These obsen/ations caused us to hypothesize an 
.schemtc mechanism as part of the pn,SatTids 





.n.i.at.onof gandclovirlreatmen J^elS^^^^^ homogeneoos. Center: sfSaysS 
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